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EITECTS OF C0MPKE9’3ZBIL1TY ON THE 2VKI-MUMLIFT .
.,.

CHARACTERISTIC S AND SPANWISE LOA3 DISTRIBUTION

OF A 12-FOOT-SPAN FIGKTER-TYH3 WING OF

I:ACA230-SERIES AIRFOIL S?XTIONS

By E. 0. Pearson, Jr., A. J. Evsns
and F. E. West, Jr.

swJHARY

Force and pressure-distribution measurem.entc were
made on a i’iphter-t~e wLn& model of conventional
NACA 230-series b~rro:l sections in the Lar&ley 16-foot
high-speed tunnel to dete?mlne the ef’fectsof comprensi-
bilit:~ cn the maximm lift characteristics and the span-
wlse load dtstributlon. The range of sngle of attack
inve?ti~ated was from -10° to 24°. The Mack.number range
Wa 9 flrom.0.20 to 0.70 at sr.lallsnd medium an~les cf attack
and from 0.15 to 0.625 at very large anFles of attack.

In the Mach number ranFe from 0.15 to 0.55, the
maximum lift coefficient first incre~sed with Increasing
h~acnnumb~r and then decreased rapidly after having
reached a peak value at a Hach n~.t)~imof 0.30. At Mach
numbers hi~her than 0.55, the rate ~i’decrease of maximum
lift coefilcient with Mach number was considerably reduced.
At these hi~ther speeds the lift -coefficient contfnued to
increase with angle of attack well beyond the angle at
which marked flow separation or stallin~ occurred, and
the maximum lift coefficient was reached at angles 10°
to 12° beyond the stalli~ angle.

No siF#ificant changes in the span load distribution
were found to occur below the stall at any of the test

1 speeds. Xhen the wing stalled at high speeds, the
resultant load underwent a moderate outboard shift, whfch
resulted in increases in root bending moment up to about
10 percent.
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INTRODUOTIOIT

Wind-tunnel tests gf a rectangular wing of NACA 0012
airfoil section (reference 1) shcwed that the maximum lift
coefficient reached a ~eak value at the low Mach number of
0.19 and decreased rupldly as the Mach nwmber M was
increased fram this value up to the highest Mach number
of the tests (M * 0.35) . Although these tests were
nece~sarily limited .in scope, they indicated the importance
of a knowledge or the effect of compressibility on the
maximum lift coei’ficient both in the estintition of the
rwneuverin& performance and laads of high-speed aircraft
and in the--interFretatioa of wilid-t~el maximum lift . .
data as applied to the-prediction of sirpiene character-
Istics.at.low speeds.

Mm-recent two-d~nensti.ti. wind-tunnel tests of’a
number af propeller-type zirfo.ils ovar a relatively large
biachnntier range (reference -2)~ahswed effects for the
thicker-alrfnfls s~~llar:to.those.nff reference 1 and In
addition.showed large increases. In the rnaxi.muin lift COef’-

. ficient stRrt.ing at Mach ~i~”i)~~~~ of’about 0.5. Flight
tests of fighter airplanes reported in references 3 and 4
showed la-e d6creUe: in the lfft coefficient corre-
spondin~ te the stall-up to Mach numbeus of about 0,69.,

A hi~h-~peed wind-tunael- investigation of a number
of three-dimen~ional win~s of’aiffcrenc airfoil Sectibns .
has been undertaken to provfde mare detailed information
on the hi~h-speed stalll-ngpher.emena. Measurements to
detemdme the effect qf compressibility on the spenwise
load distribution were included in the prngram because rf
the related importance of the load distribution as a
determining factar of the-stre~th re~uirements of winSsa-
The present report &ives the preliminary results af force
and pressure measurements in the Langley 16-foot high-
speed tunnel on the first of a series ~f winEs. The
model tested was a fighter-type wing having an aspect
ratio of 6, a tai]erratio nf’2:1, and conventional
i{~h 23&St3Z’ieS ail’foil H3Ct~OfiSo
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SYMBOLS
.:
* .<.....>...... . ..,,,. .. . ...+

v true airspeed, ,feetper second

a SFeed of sound in air,.f6et per second

M Mach number (V/a)

P air density, slugs per cubic foot

q d“ynamicpressure,
()

12
pounds yer square foot

~)

ijpv

R Reynolds number
~

‘~w
v coefficient of viscosity of air, slugs per

foot-second

The foregoing symbols represent the undisturbed
stream values.

c cross-sect!onal area of the tunnel at the throat,
square feet

D equivalent dismeter of the tunnel test section,

s wing area, square

b wi~ span, feet

Y spanwlse distance
symmetry, feet

feet

measured from the plane of

Cs airfoil chord at plane of ypmnetry, feet

z mean chord, feet (Skb)

c airfoil chord at any spanwise location, feet

t maximum thickness of’airfoil section corresponding
to the mean chord, feet
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wing lift, pounds

()wing lift coef~i.cient L
g

secticn normal force (force per unit span), pounds
per foot

section normal-force coefficient
n~

()E

load coefficient

corrected an:~leof’attack of the root section
(sectior.Et the plane of s~!etry) , deErees

a function of the rati~ cf

ill~e ta the jet
at the liftin~ line,

wing spcn to tunnel

an~le-of-attack correction due to the jet
bol~ldary-~rlduced~trecmline Clu?vat’llre,
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Span, ft . . . . . . . . . . . . .
Area, si ft...... . . .

---Aspect ratfo ; : . ,e..... ~.. ..-,O..#..,.
Taper ratio . . . . . . . . . . .

● m-me== ● m
9..9989 ● m
......... .....● .....m... .-., . . . .

● **999 ● . .

Geometric and aerod~amic twist (washout), deg . . .
Roct section . . . . . . . . . . . . . . ..- NACA 23016
Tlp section . . . . . . . . . . . . . . . . F!ACA23009
Dihedral (Q1OW the 1/4 chord line), deg . . . . . .
Sweepback (along the 1/4 chord line), deg . . . . 3.1:

The wing was of built-up steel construction and was
machined in suoh a manner that surface elements connecting
equal percentage-chord points of the root and tip sections
were stral~ht lines.

Thirty-three pressure orifices were distributed over
each of six WIW sections, the spanwise locations of’which
are given 1P.fl.Cure 1. The chordwise distribution of
pressure orifices for a t=yplcal section is also shown in
figure 1. The pres~ure tubes were brought out of the wing
to mulhlple-tu?~G zmnometers In the test chamber by means
of the boom and movable strut arr~~ement shown In fig-
ure 2. i~or the force tests the boom and strut were
removed and the boom replaced with a short fairing, which
Is shown in figure 1.

The win? was munted at the tunnel center line on
shielded struts b.av~ng a thickness-chord ratia of 0.15.
The thickness-chord ratio of the shields was 0.124. ?ig-
ura 3 is a pkmtoqraph of the w!~ mounted uprtght in the
tunnel for the force tests-

Most of’ the test runs were made with the anqle of
attack held constant while the tunnel speed wss varied
from about 150 miles per hour to the maximum speed
obtainable, which for wI% anfllesof’attack between 0°
and 4° was approxi.xwtely 520 miles per hour. The corre-
sponding Mach number range was from 0.20 t.o0.70, and
the corresponding r~;e of average Reynolds number was
from 3.0 X 10G to &.1 X 106. Figure 4 shows the varia-
tion of average Reynolds nunber with Mach number. For
very lar~e wing a.n@es d’ attack the maximvm obtainable
tunnel epeed VS=Sabout 460 miles per hour, which corre-
sponds to a Mach number of about 0.625. In the deter-
mination of maximum lift coefficients additional tests
were made with the tunnel speed held constant while the
angle of’attack was varied in the region near maxti,um
lift. The geometric angle-of-attack range of the tests
was from -10° to 24°.
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the ststic pressures
over the six wing sections,as indicated by several
rtr~ltiple-tmber,anometers,vere recorded photographically.
Th~ chordwi.sepresmre clistribu.tlonedetemined from
these photapaphic records were integrated mechanically
to find the Pectlon normal-force coefficients.

!%nce data.- Tk.eforce data ii~vebeen corrected for
strut tares, air-stream nisaltnement, crd tunnel-wall
eff’ect”.

The of?ective misalinement anrle of tha air stream
was determined frcm tents of the ‘ti~?n~uTright and inverted
with the iltiagestruts irmtalled and was found t~ be constant
at C.15° thrau~hout the speed rangfiof the tests.

In order to prevent air leaka~e thraugh the strut
skiGlds, thin rubber tiapkra~,s were fftted araund the
“bases of the shields. An additi.oimlcorrectim to the
lift was r:ecessitated hecau~e of a pres~u~e ?.i.fferential
across the diaphra~ls. T%is pres~luw differential was
measured during the f~rce te~t~ b~ rzeans of a misro-
nxuxxneter, and a c~libration was n%de with the wing
renoved to determine the variat~on of lift force with
pressure i!lff’erentialo This correction was very small
in the region of naximum lift (less than one-half of
1 percent at all speeds).

The effects of t;zetumnel wal:.swere accounted far
by the met?~ods of r~ferences 5, 6, and 7 Qq follows:
The principal part of Vfiear+rle-oi’-atbackcorrection
@ven in rofermce 5 is

This equation is strictly valld.ofil~for the case af an
elliptical spanwise load Cistrilmtion. A check calculation



by a more exact but more detailed procedure based on the
experimentally determined span loadi~r revealed that the0 ““-”errorincurred by the-use of the...simplefo~fo~was ~,8gll-
gible. At a wing lift coefficient or 1.0 the “co%ect~on
was 0.930.

An additional correction to tke anCle of attack
due t~ an induced curvature of the flow was calculated
from the equation

This equation is based cn the ori&inal incompressible-
flow derivation of reference 6. Tl;emodification

m is given in reference 5. This correction
amountea to 0.160 nt a lift coefficient of 1.0 and a
~qa~hn~er 01’O*6O

where AV is the effcctivc i~iC??G17~Klt121v~lccity dU9 to
constrict~on, B and 11 me the breadth and hei~ht of
a rectan~ular turnel, arid CDO is the wing profile-drag
coefflci9nt. The two terms on tke ri~,ktof the equation
give the vcloclty increments due, respectively, to ‘[solid[i
constriction and ‘twa~:etlconstriction. Since the magnitude
of the wake constriction effect ig a function of the velocity
loss in the wake and the size af the wake, tl,ecorrection
Is expressed in terms of the profile-drag coefi’icient,
which i= also a functl.on of those quantities.

NO theoretical treatment of the problem of constric-
tion ei’fegtsf’ara finite wing in a circular tunnel exists
at the pre~ent time, and the foregoing rel~tion wag thought
to represer,t the best available approximation. h madlfled
for the case of the circular twmel, the equation became

‘cl—— --. .- . .- - ....-. -— ... .—— —. -—
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where H in this case is the averego keiglltof the tumel
in ths region occupied by the wing. The constriction
corrections to the dynamic pressure, Nach nur-her (refer-
ence 5), and wln~ lift coefficient are as fellows:



of attack ead Id&h number are shown in figures 6 and 7.
Figure ~ is presented to indicate by the scatter of the
“~e~~ ~o~fit~-t~e-”pr~clsionwith. wh~ch-the--data.tier.e...... .,
obtained. The came data with the test-point S-ymbols“
removed and with thq horizontal lines clrawnfor constant
and even values of a~le of attack are given in figure 7.

The variation of maximum lift coefficient c~x “

I . .
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The a~reement shown

L
●

11

in tnical of that existl~ In the

-.
unstailed part of the lit% curves.

Concluding 12~ARIIS

Wind-tw.el tests of a tepered “wing of ITACA230-sorfes
airfo~.1 seot~ons at Mach nuribersranging from 0.15 to 0.70.
have shown that:

1. ‘Themaximum lift coefficient first increased with
Increasing l%ch numbol’ up to a Mnch number of 0.3. As
the Xach number v%s increased above tl?isvalue the maxi-
mum l~ft coefficient decreased rapidl~.

2. A large retuction in the rate of decrease of maxi-
‘mum Ilft coeff~c:ent witinHach nlmn;>ercccurred in the
Nach number ran.~eof 0.55 +:.3Q.625. The tu.mel i:achnuioer
oi 0.625 VI.TSthe k,i~~le~tvalue tliatcould be obtsineriat
the lrr~e angles cf attack requisite For nhxirnlm.lif’ta

3. At i!achnuml?grsbelow 0.55 the a.n,~l~sof att~!ck
at wtiich the maxiwmi lift caecricien~. }’asreached an~ at
‘.vYiiCb..~tLRll~Il~nccl.ii’re~ ::ercap~moximately tilesame. At
T“a~~~rAW~.ber~a-~~veCC55 the ~n-le of ~.ttar,kat ~:h.i.~htb.9
maximum lift cocff’icf~rltwc~ ~=acRef:!v:asI.OOto 12° beyond
the ~li:ml~at wh~c.h the wtr~ lnitiall:~ stalled.

4. ‘Tosiqniflcmt chmqres h the spnn loac7cil.scributlon
occurred ‘~elOW the s~.&llat any of the S~JeGdSt99t9d.

c :.!oderate than-es In the span load distribution
occur;~d when the w@ stalled at hip~ speed, the center
of load being shifted mtbcard. ‘Thel.ar.restcorresponding
increass in bending moment at the ‘.:ir+root for C0i19tant
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l.lftw~s abcut 10 percent and occurred at a Mach num~er
of 0.55 aildst a wing normal-force coefficient of about
C.950
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Figure 2,- Rear view of wing showing boom and strut assembly used to conduc’t

pressure tubes to manometers.
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Figure 3.-
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Rear view of wing mounted upright in the tunnel for force w
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Fig. 6
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Figure 6.- Wing /if t coefficient QS a function of angle of affack

and Mach number.
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Fig. 7
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